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表 2%%%%金边瑞香提取物中瑞香素的含量测定 %
%%%实验号 瑞香萃取率 瑞香素含量 瑞香素总萃取量

1%%%%%%%%%%%%%%%%%%2.03%%%%%%%%%%%%%%%%%%%%%11.76%%%%%%%%%%%%%%%%%%%%%%1.537
%%%%%%%2%%%%%%%%%%%%%%%%%%2.15%%%%%%%%%%%%%%%%%%%%%11.24%%%%%%%%%%%%%%%%%%%%%%1.320
%%%%%%%3%%%%%%%%%%%%%%%%%%2.52%%%%%%%%%%%%%%%%%%%%%11.64%%%%%%%%%%%%%%%%%%%%%%1.591
%%%%%%%4%%%%%%%%%%%%%%%%%%1.85%%%%%%%%%%%%%%%%%%%%%11.92%%%%%%%%%%%%%%%%%%%%%%1.426
%%%%%%%5%%%%%%%%%%%%%%%%%%1.92%%%%%%%%%%%%%%%%%%%%%11.35%%%%%%%%%%%%%%%%%%%%%%1.085
%%%%%%%6%%%%%%%%%%%%%%%%%%2.18%%%%%%%%%%%%%%%%%%%%%11.23%%%%%%%%%%%%%%%%%%%%%%1.079
%%%%%%%7%%%%%%%%%%%%%%%%%%1.35%%%%%%%%%%%%%%%%%%%%%11.19%%%%%%%%%%%%%%%%%%%%%%1.026

将有关实验的水平数均匀分散在实验范围内，使实验次数与
水平数相等，减少了多次实验，且实验结果可用计算机处理，
通过回归方程得出最佳实验条件，是一种值得推广的实验设
计方法[4]。 对于本实验，可考虑将 4个因素的相关实验范围各
等分为 7个水平， 做 7次有关的实验即可筛出最佳条件；而
正交设计的特点是考虑将实验因素整齐可比，其实验次数是
实验水平的平方，比均匀设计要多[5]。

本实验在预实验时将萃取压力提高到 30MPa，结果压力
大于 20MPa以上萃取率降低， 本实验表 1结果也和预实验

的结果一致， 这可能和金边瑞香药材中的成分和性质有关。
超临界 CO2流体萃取是用无毒、不残留的 CO2代替水或有机
溶剂萃取介质并在接近室温的条件下萃取，只要简单地改变
温度或压力就可使溶质在 CO2中的溶解度发生很大的改变，
在萃取后可对各组分进行分离而获得高质量的提取物，从而
为高选择性萃取提供了可能。
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微波辅助提取水牛角的工艺研究
邓愍民 李进进 武卉

（江西国药有限责任公司药物研究所 南昌 330052）

摘要：目的：优选水牛角的最佳提取工艺。 方法：以水牛角中 16 种氨基酸的提取率为考察指标，采用正交试验考察了 4 种因素
（溶剂用量、辐射时间、微波功率、浸泡时间）对提取结果的影响。 结果：正交试验考察优化的结果为采用去离子水作润湿剂，润湿

8h，水提时水与水牛角比为 20:1，辐射时间 15min，微波功率：560W。 结论：与传统方法相比，微波辅助萃取能大大节省提取时间并

提高提取率。
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%%%%%%%%水牛角为牛科动物水牛（Bubalus%bualis%L）的角，其有效
成分主要为胆甾醇、丙氨酸、精氨酸、天冬门氨酸、胱氨酸、亮
氨酸、脯氨酸、酪氨酸、组氨酸、缬氨酸、丝氨酸、蛋氨酸、异亮
氨酸、赖氨酸、谷氨酸、苯丙氨酸、甘氨酸、多肽、胍及蛋白质
[1]。 水牛角具有清热解毒、凉血、定惊之功效，用于治疗温病高
热、神昏谵语、发斑发疹、吐血衄血、惊风、癫狂等症[2]。 因其成
分与犀角大同小异， 可作为犀角的代用品用于抗内毒素中
毒、抗内毒素引起的弥漫性血管内凝血（DIC）等症[3]。
微波是一种频率在 300MHz~300GHz之间的电磁波。 物

料吸收微波能后通过偶极电子旋转和离子传导两种方式由
内向外同时加热， 使萃取物质的细胞内部温度迅速上升，导
致细胞壁破裂，从而使胞内成分在较低温度下被萃取介质捕
获并溶解 [4]。 微波辅助提取技术（micriwave-assisted%
extraction）是微波与传统的溶剂萃取法相结合后形成的一种
新的萃取方法。 Ganzler[5]首先在分析化学制样技术中应用微
波萃取方法。 微波辅助提取以其快速、高效、安全、节能、环保
等特点，在中药行业中日益引起人们的关注 [6~9]%。
1%%%%仪器与试剂

微波萃取试验台(NJC03-1型，南京杰全微波设备有限公
司)， 具有冷凝回流及鼓泡搅拌装置； 高速粉碎机(SF-170-3
型 ， 上海中药机械厂 )；Agilent1100 型高效液相色谱仪
（Agilent 公司）；Sartorius(BS224S 型)电子称（北京赛多利斯
仪器系统有限公司）。 水为去离子水（江西国药有限责任公司

制剂车间提供），无水乙醇（AR），邻苯二甲醛(AR)，茁-巯基乙
醇(AR)，甲醇(色谱纯)，磷酸氢二钾(AR)，磷酸二氢钾(AR)，乙
酸钠(AR)，磷酸(优级纯)，四氢呋喃(THF)(AR)，氨基酸标准
品：苯丙氨酸（Phe）、组氨酸（His）、甘氨酸（Gly）、谷氨酸
（Glu）、天冬氨酸（Asp）、丝氨酸（Ser）、精氨酸（Arg）、缬氨酸
（Val）、蛋氨酸（Met）、异亮氨酸（Ile）、亮氨酸（Leu）、赖氨酸
（Lys）、胱氨酸（Cys）、脯氨酸（Pro）、酪氨酸（Try）、丙氨酸(Ala)
(均购自江西省食品药品检验所），水牛角(购自江西南华医药
公司，经南昌市食品药品检验所鉴定为牛科动物水牛的角)。
2%%%%方法与结果
2.1%%%%提取工艺 将水牛角镑片用粉碎机打碎， 过 100目筛，
天平称量每 50g一组， 加入适量去离子水润湿一定时间后，
装入三口烧瓶中，加入适量去离子水，放入微波炉中微波辐
射一定时间后取出，趁热过滤，滤液蒸馏，至蒸馏液剩余约
40mL，加无水乙醇至 200mL，静置 24h，过滤，定容，取少量用
RP-HPLC法分析产品中氨基酸含量。 剩余溶液减压蒸馏至
干，得到含多种氨基酸的浸膏。
2.2%%%%柱前衍生反相高效液相色谱法（RP-HPLC）分析氨基酸
2.2.1%%%%色谱条件 HP%Hypersil%ODS柱（125mm×4.6mm×5
滋m）， 以十八烷基硅烷键合硅胶为填充剂。 流动相 A：
8.0mol/L磷酸盐缓冲溶液（pH7.2），含φ=0.3%四氢呋喃；流
动相 B：8.0mol/L 磷酸盐缓冲液（pH7.2）+ 甲醇 + 乙腈
（50+35+15）。 线性梯度洗脱，柱温 35℃，流速为 1.0mL/min；
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荧光检测器激发波长 Ex=340nm，发射波长 Em=450nm。进样
量为 20滋L，峰面积定量。
2.2.2%%%%衍生化试剂的配制 称取邻苯二甲醛 0.0500g，用
1mL甲醇溶解，加入 100滋L巯基乙醇，用 0.4mol/L硼酸溶液
(pH=9.5，氢氧化钠溶液调制)定容至 10mL，混匀，放入棕色瓶
中，置 4℃冰箱备用。
2.2.3%%%%16 种氨基酸标准溶液 精密称取丙氨酸等 16种氨基
酸对照品，加甲醇制成 0.1mg/mL的溶液，摇匀，即得。
2.2.4%%%%标准曲线的绘制 精密移取对照品溶液（柱前衍生：
移取 50滋L样品或标准溶液于容积为 1mL的小试管中，加入
25滋L衍生化试剂，充分搅拌，等待 1.5min），稀释成质量浓度
分别为 0.050、0.025、0.013、0.006mg/mL，进行测定。以峰面积
对质量浓度进行线性回归， 得到标准曲线方程：Cys:Y=%%%%%%%%%%
2.45X+0.032,%r=0.9971;%Pro:%Y=2.16X-0.025,%r=0.9988;%Try:Y=%
1.53% X-0.066,r=0.9978;Ala:Y=3.28X-% 0.053,r=0.9997;Asp:Y=%
7.46X% -0.008,r=0.9991;% Glu:% Y=6.01X+0.005,r=0.9989;Ser:
Y=9.08X+%0.024,r=0.9983;%His:%Y=2.13X-0.018,r=0.9989;%Gly:%
Y=10.32X% 0.012,r=0.9987;% Met:%% Y=4.62X+0.015,% r=0.9985;%
Arg:Y=4.32X% +0.010,r=0.9991;% Val:% Y=6.73X+0.024,% r=%
0.9997;% Ile：Y=7.45X% +0.007,r=0.9992;% Phe:% Y=1.71X-0.132,%
r=0.9980;% Leu:Y=3.82X% +0.018,r=0.9989;% Lys:% Y=% 1.86X+%
0.005,%r=0.9988。 (Y=Y0×10-6)。
2.2.5%%%%氨基酸的测定 将样品溶液进行 RP-HPLC 分析，
RP-HPLC图上的氨基酸峰面积代入标准曲线方程，计算产品
中氨基酸的量。
2.3%%%%水牛角中氨基酸的测定 采用 RP-HPLC法测定水牛角
中氨基酸，结果水牛角中氨基酸的质量分数为 19.30%。
2.4%%%%提取率的计算 氨基酸的提取率 =干浸膏中氨基酸的
质量 /水牛角中氨基酸的总质量。
2.5%%%%正交设计试验结果与分析 准确称取水牛角， 每份
50g，按 L16(44)正交表设计方案进行试验,讨论去离子水用量
(A)、辐射时间(B)、微波功率(C)及润湿时间(D)对萃取结果的
影响。 因素水平见表 1，实验结果及极差分析见表 2。

表 1%%%%因素和水平
因素

水平
A/mL%%%%%%%%%B/min%%%%%%%%%C/W%%%%%%%%D/h

%%%%%%%%%%%%%1%%%%%%%%%%%%%%%%%%500%%%%%%%%%%%%%%%10%%%%%%%%%%%%320%%%%%%%%%%2
%%%%%%%%%%%%%2%%%%%%%%%%%%%%%%%%800%%%%%%%%%%%%%%%15%%%%%%%%%%%%400%%%%%%%%%%5%
%%%%%%%%%%%%%3%%%%%%%%%%%%%%%%%1000%%%%%%%%%%%%%%20%%%%%%%%%%%%480%%%%%%%%%%8
%%%%%%%%%%%%%4%%%%%%%%%%%%%%%%%1200%%%%%%%%%%%%%%30%%%%%%%%%%%%560%%%%%%%%%%11

%%%%%%%%由 R 值可知， 各因素对试验结果的重要次序为：
C>B>D>A，微波功率对总氨基酸得率有显著影响，溶剂用量
对总氨基酸得率影响较小。 综合各种因素，选定水牛角提取

工艺为 A3B2C4D3。
表 2%%%%L16(44)正交试验设计与结果

试验号 A%%%%%%%%%%%%%B%%%%%%%%%%%%%C%%%%%%%%%%%%%%%D%%%%%%%%%%提取率 /%
%%%%%%%%%%%%%%%%1%%%%%%%%%%%%%%%1%%%%%%%%%%%%%1%%%%%%%%%%%%%%1%%%%%%%%%%%%%%%%1%%%%%%%%%%%%%%54.12
%%%%%%%%%%%%%%%%2%%%%%%%%%%%%%%%1%%%%%%%%%%%%%2%%%%%%%%%%%%%%2%%%%%%%%%%%%%%%%2%%%%%%%%%%%%%%80.63
%%%%%%%%%%%%%%%%3%%%%%%%%%%%%%%%1%%%%%%%%%%%%%3%%%%%%%%%%%%%%3%%%%%%%%%%%%%%%%3%%%%%%%%%%%%%%87.52
%%%%%%%%%%%%%%%%4%%%%%%%%%%%%%%%1%%%%%%%%%%%%%4%%%%%%%%%%%%%%4%%%%%%%%%%%%%%%%4%%%%%%%%%%%%%%78.81
%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%2%%%%%%%%%%%%%1%%%%%%%%%%%%%%2%%%%%%%%%%%%%%%%3%%%%%%%%%%%%%%77.92
%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%2%%%%%%%%%%%%%2%%%%%%%%%%%%%%3%%%%%%%%%%%%%%%%4%%%%%%%%%%%%%%94.52
%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%2%%%%%%%%%%%%%3%%%%%%%%%%%%%%4%%%%%%%%%%%%%%%%1%%%%%%%%%%%%%%84.12
%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%2%%%%%%%%%%%%%4%%%%%%%%%%%%%%1%%%%%%%%%%%%%%%%2%%%%%%%%%%%%%%83.94
%%%%%%%%%%%%%%%%9%%%%%%%%%%%%%%%3%%%%%%%%%%%%%1%%%%%%%%%%%%%%3%%%%%%%%%%%%%%%%4%%%%%%%%%%%%%%61.35
%%%%%%%%%%%%%%%10%%%%%%%%%%%%%%3%%%%%%%%%%%%%2%%%%%%%%%%%%%%4%%%%%%%%%%%%%%%%3%%%%%%%%%%%%%%97.13
%%%%%%%%%%%%%%%11%%%%%%%%%%%%%%3%%%%%%%%%%%%%3%%%%%%%%%%%%%%1%%%%%%%%%%%%%%%%2%%%%%%%%%%%%%%80.45
%%%%%%%%%%%%%%%12%%%%%%%%%%%%%%3%%%%%%%%%%%%%%4%%%%%%%%%%%%%2%%%%%%%%%%%%%%%%1%%%%%%%%%%%%%%77.12
%%%%%%%%%%%%%%%13%%%%%%%%%%%%%%4%%%%%%%%%%%%%%1%%%%%%%%%%%%%4%%%%%%%%%%%%%%%%2%%%%%%%%%%%%%%84.98
%%%%%%%%%%%%%%%14%%%%%%%%%%%%%%4%%%%%%%%%%%%%%2%%%%%%%%%%%%%1%%%%%%%%%%%%%%%%1%%%%%%%%%%%%%%69.78
%%%%%%%%%%%%%%%15%%%%%%%%%%%%%%4%%%%%%%%%%%%%%3%%%%%%%%%%%%%2%%%%%%%%%%%%%%%%4%%%%%%%%%%%%%%71.77
%%%%%%%%%%%%%%%16%%%%%%%%%%%%%%4%%%%%%%%%%%%%%4%%%%%%%%%%%%%3%%%%%%%%%%%%%%%%3%%%%%%%%%%%%%%62.85
%%%%%%%%%%%%%%%K1%%%%%%%%%%%%%301.08%%%%278.37%%%%%258.29%%%%%%285.23
%%%%%%%%%%%%%%%K2%%%%%%%%%%%%%310.50%%%%342.06%%%%%307.53%%%%%%300.00
%%%%%%%%%%%%%%%K3%%%%%%%%%%%%%316.14%%%%323.86%%%%%306.24%%%%%%325.42
%%%%%%%%%%%%%%%K4%%%%%%%%%%%%%289.38%%%%272.81%%%%%345.05%%%%%%306.45
%%%%%%%%%%%%%%%极差 R%%%%%%%26.76%%%%%%69.25%%%%%%%%86.75%%%%%%%40.19
%%%%%%%%%%%%%%%较优水平 3%%%%%%%%%%%%%2%%%%%%%%%%%%%%%%4%%%%%%%%%%%%%%3%%%

2.6%%%%工艺验证试验 为考察上述优选提取工艺的稳定性，按
该工艺条件进行重复试验 3次， 测定水牛角总氨基酸的得
率，结果总氨基酸平均得率为 96.78%，RSD为 2.31%。表明本
试验制定的工艺路线稳定可靠。
3%%%结论

本实验在微波辐射条件下，通过正交试验法对水牛角的
提取工艺条件进行了优化， 并按最佳工艺进行了验证试验。
结果表明：微波辅助提取水牛角中的总氨基酸具有更快萃取
速率，有效物质更易溶出，工艺简单，提取率高，稳定性好，适
用于工业化生产。
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（上接第 78页）术后第 2天，去石膏托，指导病人用手掌置健
肢正前方、膑上 10cm，作股四头肌收缩，每收缩一次，感膑骨
上移，待病人有体会后，即嘱作患肢股四头肌收缩，每日练
20~30次。（2）股四头肌等长运动：术后第 3天，病人仰卧，嘱
患膝尽量采伸直位，抬高患肢 30~40cm，令股四头肌收缩，每
次 3~4min，每日 10~20次。（3）主动活动膝关节：术后第 4~5
天，病人仰卧位，屈患髋关节，以健肢或抬或压患肢，从而令
患膝作屈伸运动，每日 10~30次，每次 3~5min，循序渐进，每
日加大一点屈伸活动度。 拆线后，可于患肢腘窝部，置薄枕

（逐日增加垫枕高度），仍循前述方法，压或抬患肢，增大膝关
节活动度，逐步达最大屈伸活动度。
2.3.2%%%%被动活动 术后第 4~5天，必要时医护人员双手持患
肢膝关节上下方，逐步展开膝关节的屈伸活动度，每日增加
一点，拆线后增大活动度，直至达最大值。 锻炼的过程疼痛是
难免的，必要时辅以止痛剂，力争 3~6个月患膝活动度达 >%
90°，越晚锻炼，由于再粘连，越难活动开膝关节。 活动时切
忌粗暴，以防损伤。
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